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Convergent evolution has led to surprising functional and mechanistic similarities between the vertebrate cochlea and some katydid ears [1, 2] . Here we report on an 'auditory fovea' ( Figure 1A ) in the duetting katydid Ancylecha fenestrata (Tettigoniidae). The auditory fovea is a specialized inner-ear region with a disproportionate number of receptor cells tuned to a narrow frequency range, and has been described in the cochlea of some vertebrates, such as bats and mole rats [3, 4] . In tonotopically organized ears, the location in the hearing organ of the optimal neuronal response to a tone changes gradually with the frequency of the stimulation tone. However, in the ears of A. fenestrata, the sensory cells in the auditory fovea are tuned to the dominant frequency of the female call; this area of the hearing organ is extensively expanded in males to provide an overrepresentation of this behaviorally important auditory input. Vertebrates developed an auditory fovea for improved prey or predator detection. In A. fenestrata, however, the foveal region facilitates acoustic pair fi nding, and the sexual dimorphism of sound-producing and hearing organs refl ects the asymmetry in the mutual communication system between the sexes ( Figures 1B, S1 ).
At nighttime, male A. fenestrata produced mating calls with a dominant frequency of about 30 kHz; these calls consisted of a median sound pulse of 67 ms (interquartile range (IQR) = 59-83 ms; N = 7 animals and n = 38 total measurements) repeated every 5.5 s (median) (IQR = 5.0-7.2 s; N = 4 animals, n = 207 measurements). Nearby females occasionally responded to the male calls ( Figures 1B, S1B ) by a single sound pulse with a dominant frequency of about 10 kHz and 41 ms in length (median) (IQR = 32-54 ms; n = 21 measurements). Female replies strictly occurred within 148-164 ms (IQR) (median = 155 ms; n = 11 measurements) after a male call (Figures 1B, S1B ). These extremely sparse female signals make acoustic mate recognition and localization very challenging for the male [5]; therefore, the precise timing of the female reply is often the crucial feature for species recognition that initiates male phonotaxis [6] .
For sound perception, male and female A. fenestrata have a linear array of auditory sensors embedded in the socalled crista acustica located in the tibia of their forelegs. The crista acustica is the part of a hearing-organ complex that is most sensitive to airborne sounds. Here, dendrite tips of bipolar receptor cells lay in a row, held and packed by supporting cells (such as scolopale and cap cells, respectively). In vivo recordings from individual receptor cells revealed that the systematic, stepwise sequence of frequency coding along the crista acustica ( Figure 1C, 1D) is disrupted in the middle half of the hearing organ, where all auditory receptors are tuned to a narrow frequency range at about 10 kHz ( Figure 1C, 1E) . A similar irregularity in tonotopy has only been described for fi ve adjacent receptor cells in the crista acustica of Mygalopsis marki [7] , an Australian cone-head katydid that belongs to the Tettigoniidae subfamily of Copiphorinae and has a rather short hearing organ with only about 20 sensory receptors. In A. fenestrata (subfamily Phaneroterinae) males, although there was a clear positiondependent change of frequency tuning in the proximal (2 kHz per 10% organ length) and distal (6.6 kHz per 10% organ length) part of the crista acustica, a large area of the medial part (about 55 sensory cells and 50% of the total organ length) features only minor changes (0.6 kHz per 10% organ length). Such disproportionate frequency representation is a main characteristic of an auditory fovea ( Figure 1A ).
Compared to other katydids, A. fenestrata were found to have a notably long crista acustica with an exceptionally large number of sensory cells [8] that differed signifi cantly (p < 0.001) between males (median =115 cells; IQR = 113-116 cells; N = 9 animals) and females
